We report the isolation and expression patterns of aristaless (al), a paired-type homeobox gene, of Gryllus bimaculatus (Gb), a hemimetabola model insect. Gryllus al (Gbal) is expressed in the most distal region of developing labrum, antenna, mandible, maxilla, labium, leg, cercus, and hindgut. Gbal is also expressed in the proximal region, corresponding to the presumptive coxopodite, of the developing antenna, mandible, maxilla, labium, and leg, but not in the developing labrum, cercus, and hindgut. During development of the leg, expression of Gbal changes dynamically with the progress in leg segmentation: Gbal is expressed in order in the presumptive pretarsus, coxa, femur, tibia and tarsus before appearance of morphological segmentation. q
Results

Isolation of Gryllus aristaless
In order to isolate cDNA fragments of Gryllus aristaless (Gbal), we performed homology-based reverse transcribed polymerase chain reaction (RT-PCR). An isolated clone showed a high degree of homology to Drosophila al (Dmal) which encodes the paired-type homeodomain protein (Campbell et al., 1993; Schneitz et al., 1993) . Then, by screening a Gryllus cDNA library, we isolated a 2.9 kbp cDNA encoding a protein of 391 amino acids. The deduced protein has two highly conserved domains: the homeodomain belonging to the paired-like class, and the decapentapeptide located near the C-terminus (Fig. 1) . The decapentapeptide is an OAR domain, named after the initials of otp, al and rax, which may be the transactivation domain (Simeone et al., 1994) . Since the isolated clone encodes a protein having a high degree of similarity to Dmal; 97% in the homeodomain and 100% in the OAR domain ( Fig. 1) , we concluded that the clone is a homologue of Dmal. This was also supported by its expression patterns (shown later). Gbal is expressed bilaterally in the caudal segment (W), corresponding to the distal cerci, and the most-caudal region (arrowhead) (W). In stage 81, the most-caudal expression of Gbal (arrowhead) became weak in the invaginating epithelium (broken lines in X) and then disappeared. (Z) A dorsal view of the adult cercus. Ant, antennifer; Ca, cardo; Cer, cercus; Ga, galea; Gl, glossa; Fl, flagellum; Ic, incisor cusps; Lbp, labial palp; Lc, lacinea; Lr, labrum; Mc, molar cusps; Mp, maxillary palp; Mt, mentum; Pdc, pedicel; Pgl, paraglossa; Pmt, prementum; Sca, scape; Smt, submentum; Sti, stipes; and Wg, wing.
Expression patterns of Gryllus aristaless in appendages
The Gryllus appendages are initially formed as buds, without forming imaginal discs (Niwa et al., 1997 (Niwa et al., , 2000 , as observed in Drosophila. Expression patterns of Gbal were examined in Gryllus embryos by whole-mount in situ hybridization (Figs. 2A,B) . The expression patterns were similar to patterns immunostained with an antibody against the Dmal protein (Fig. 3F for limb buds as an example), supporting the presence of the al protein in Gryllus embryos. Expression of Gbal was commonly observed in the most distal region of developing appendages including the presumptive labrum (Fig. 2F), antenna (Fig. 2H) , mandible (Fig. 2K), maxilla (Fig. 2O), labium (Fig. 2T) , leg (3A), and cercus (Fig. 2W) , and hindgut rudiment (indicated by an arrowhead in Fig. 2W ). Gbal is also expressed in the proximal region, corresponding to the presumptive coxopodite, of the developing antenna (Fig. 2I) , mandible (Fig. 2M) , maxilla (Fig. 2O) , labium (Fig. 2T) , and leg (Fig. 3B) . Such expression was not observed in either the presumptive labrum (Fig. 2F) or the cercus (Fig. 2X ).
Dynamic change in Gbal expression patterns during leg development
Gryllus leg buds consist of several segmental units which, in a proximal-distal direction, correspond to the presumptive coxa, trochanter, femur, tibia, tarsal segment 1-3, and pretarsus. In early leg buds, Gbal is expressed in the distal tip of the bud (ED1, expression domain 1, Fig. 3A ) corresponding to the presumptive pretarsus and then in dorsalproximal region (ED2, Fig. 3B ) corresponding to the presumptive dorsal coxa. A new circumferential band (ED3, Figs. 3B,C) of Gbal, corresponding to the presumptive femur, was found between ED1 and ED2 at stage 8. In stage 9, a new expression domain (ED4, Fig. 3D ), corresponding to the presumptive tibia, was observed between ED3 and ED1. Finally, Gbal is expressed in the presumptive tarsal segments (ED5, Fig. 3E ) in stage 11. In Gryllus leg buds, morphological segmentation boundaries are formed in the presumptive trochanter/femur, femur/tibia, and tibia/ tarsus in that order (Niwa et al., 1997) (Fig. 3G) . On the other hand, Gbal expression was observed in ED1 (the pretarsus), ED2 (the coxa), ED3 (the femur), ED4 (the tibia), and ED5 (the tarsus) (Fig. 3G) . We found that the morphological segmentation follows Gbal expression in a proximodistal order from ED2 to ED5 after expression in the most-distal region (ED1). The essential features of Gbal expression patterns, in the Gryllus leg bud at early stages, resemble those in the Drosophila leg imaginal disc (Campbell et al., 1993; Campbell and Tomlinson, 1998) .
Experimental procedures
Isolation of Gryllus aristaless cDNA
Gbal was identified initially by RT-PCR using primers designed from Gryllus codon usage (forward; 5 0 GAGCTG-GAGAAGGCSTT 3 0 from ELEKAF and reverse; 5 0 CCGCCGGTTCTGGAACCA 3 0 from WFQNRR). In order to screen a Gryllus cDNA library by PCR, we designed two gene specific primers to amplify the cDNA of Gbal. A Gryllus embryo cDNA library was then screened by PCR as described previously (Israel, 1993; Watanabe et al., 1997) . The DNA sequences are available from GenBank/DDBJ under the accession number AB071147 for Gbal.
Whole-mount in situ hybridization and immunostaining
Standard protocols were used for whole-mount in situ hybridization using a digoxigenin (DIG)-labeled antisense RNA probe (Niwa et al., 2000) or immunostaining (Niwa et al., 1997) with an aristaless antibody (a generous gift from Dr Campbell) for Gryllus embryos.
